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PREFACE

The author wishes to acknowledge the contribution of Mike Thompson for

coding the BASIC language version of the program, Jim Gombash for develop-
ment of the interactive dialog and data base access methods, and SP6 Larry

Stevens for his untiring efforts in coding the FORTRAN version and validat-
ing the program. The HELFAST team members counseling and advice kept us

going straight; Mr. John Stephens, Chief, Combat Support Directorate, co-

ordinated the efforts of two very dissimilar teams to keep the wheels turn-
ing.

This report will be provided in three parts. Part II will contain the

program flow charts and code. Part III will provide an analysis of the man-

machine interface and performance.
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AMMUNITION TRUCK LOADING PROGRAM:

PART I-PROGRAM DESCRIPTION

INTRODUCTION

Background

Beginning in early 1978, the Combat Support Directorate, US Army Human
Engineering Laboratory (HEL), has been actively engaged in human engineer-
ing problems related to logistics. The Human Engineering Laboratory Forward
Ammunition Supply and Transfer (HELFAST) Team was formed to examine the
operation of a field Ammunition Supply Point (ASP) to determine human engi-
neering problems and to develop a data base of Materials Handling Equipment
(MIHE) operator performance.

In February 1980, in conjunction with the US Army Missile and Muni-
tions Center and School (MMCS), the HELFAST Team conducted a week-long test

to determine how long it took to process the paperwork from a customer am-
munition convoy through the typical ASP office.1 Although there are several
steps in the process, the most time consuming effort is that of configuring
the ammunition load for each vehicle in the convoy. In this test the aver-
age time for an individual clerk to complete the issuing paperwork process
for seven battalion convoys was 76 minutes per convoy. The lowest average
time for any of the individuals was 63 minutes.

Other studies conducted by the HELFAST Team indicate that in a typical
European battlefield scenario, an ASP can expect a convoy to arrive every
10 minutes under some conditions with an average "Mean Time Between Ar-
rivals" (MTBA) of every 42 minutes averaged over a 24-hour period.

Since the time required to complete the paperwork could not support
the expected demand, a computer-based program has been developed which acts
as an aid to the ASP office personnel in developing truck load configura-
tions for the loading of large quantities of palletized cargo.

'Mackey, D.S., & Davall, B.M. Human Engineering Laboratory test of paper-
work processing within the ammunition supply point office for ammunition
issue (HEL Letter Report 278). Aberdeen Proving Ground, MD: US Army Human
Engineering Laboratory, March 1980.
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Objectives

The initial objectives of this task were as follows:

a. To develop a means to significantly improve the time required

by the ASP stock records clerk to configure vehicle loads.

b. To develop a method which would merge with existing manual
methods in current use in the ASP office operation but which would not

destroy any advantages of the manual method.

c. Demonstrate a potential for ASP office manpower reductions.

d. Devise an approach which will perform on a small computer sys-

tem.

e. Permit use by an unsophisticated user with no special training
in computer terminal usage.

The first four objectives have been successfully met and even with the
addition of a memory or disk resident ammunition data base, the program
will perform on a small computer system. The program is within the scope of

capability provided by the Division Level Data Entry Device (DLDED).

Interface requirements for the unsophisticated user have required a

large portion of the resources (25% of source code dedicated to user inter-

face) available on a small computer system. However, the man-machine dialog

for this application carries a very high priority which has not been ade-

quately defined by researchers for the caliber of user. Special testing ef-

forts are underway to verify the integration as well as the adequacy of the

dialog for the anticipated user.

DISCUSSION

Program Features

Table 1 lists the significant features incorporated into the truck
loading program.

Load spanning is a feature which is performed automatically by the

program. Additional pallets of ammunition that remain to be loaded, after
the program has detected that a vehicle has "grossed out " 2 or "cubed out,"

3

are "spanned" or automatically loaded upon the next available vehicle.

2"Gross Out" is a term used to indicate that the computed load configura-

tion has reached the load carrying capacity of the vehicle.3 "Cube Out" is a term used to indicate that the computed load configuration
has reached the cubic space capacity of the vehicle.
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TABLE 1

Program Features

S Load spanning across vehicles of the same or different types

* Gap filling

0 Mixed load configurations permitted

e No vehicle overloading

0 Loads not permitted to extend over vehicle sides

0 Multiple vehicle types supported

9 Ammunition data base

0 Provision to develop loading and transportation data for items not
included in ammunition data base

0 Interactive dialog

Gap 4 filling is a program feature which allows ammunition to be placed
in partially filled virtual row positions which would otherwise not be
utilized. However, due to the creation of mixed-load conditions and load
dimension variations which may affect safety lashing, the ASP clerk can
grant or deny the use of gap filling.

Upon completion of a loading process in which a vehicle has the re-
maining capacity to carry ammunition in addition to that already assigned,
the ASP clerk, through the interactive facilities of the program, may grant
the loading of another ammunition type and create a vehicle load configura-
tion consisting of a mixture of ammunition types. 5

Program loading computations will not permit a load configuration
which would cause a vehicle to become loaded beyond its rated capacity or
to allow loads to extend over the vehicle sides.

4 Gaps are incompletely filled virtual rows, detected by the program, which
have resulted from a loading process in which all of the *mmunition direc-
ted to be loaded has been assigned.5Load mixing is not automatically performed since, amon, other hazards,
hazardous load combinations could result through mixing without checking
for compatibility.
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The explanation of some of these features may be aided by the loading
examples of Figures 1 and 2.

A vehicle loading example is shown in Figure 1. The vehicle has been
defined to have a bed length of 135 inches and a bed width of 110 inches.
The load capacity is 5000 pounds. The first cargo to be loaded is indicated
by boxes marked with "1" and consists of 17 pallets each weighing 357
pounds and measuring 36 inches by 24 inches. The #1 cargo is automatically
spanned to vehicle 2. With permission from the clerk to mix loads, the al-
gorithm continues with cargo #2 and detects an unused area in the virtual
row occupied by cargo #1 on vehicle 2 and loads that "GAP" with cargo type
#2 which is defined as 20 pallets each measuring 20 inches by 35 inches and
weighing 170 pounds each. Loading continues automatically across vehicle 2
until the maximum load capacity of the vehicle is reached and the remaining
load is automatically spanned to vehicle 3.

F I
o m N E E E_

I--IF

Figure 1. Example of vehicle spanning, mixed loads, gap filling for
single vehicle type.
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In Figure 2 a loading process has occurred which is similar to that of
Figure 1; however, this example was selected to demonstrate load spanning
across different vehicle types. Vehicles 1, 2, and 3 are the same as de-
fined for the first example and vehicle 4 is a 5-ton MR13A1 truck.

LL L LIE E]]

L]LIL]L]II LiflifE2
VEHICLE I VEHICLE 2

(a) (b,

3 3333 3 3 1
VEHICLE 4

(d)

VEHICLE 3
(c)

Figure 2. Example of vehicle spanning, mixed loads, gvp filling for
multiple vehicle types.
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Four different US Army vehicle types have been predefined in the pro-
gram. They are a (a) 2-1/2-ton truck, (b) a 5-ton truck, (c) an 8-ton GOER,
and (d) a 12-ton S&P.

The ASP clerk can load any other vehicle type, not predefined, having
a simple rectangular bed by interacting with the program to enter the ap-
propriate bed length, bed width, and load carrying capacity.

Both a disk resident and memory resident ammunition data base (see
Appendix A) is available which represent about 130 different Department of

Defense Identification Codes (DODIC's) (selected by MMCS) and about 175
different National Stock Numbers (NSN's). There may be several NSN's per
DODIC. The memory resident data base version has the advantage of being
system independent but requires more memory.

Working interactively with the program the ASP clerk enters the re-
quested ammunition by DODIC number and the program builds a temporary
memory resident working file of ammunition to be issued by merging data
from the data base with quantity, lot number, and location added through
program interaction with the clerk.

Ammunition requested, but not found in the data base, is added to the
temporary memory resident working file by interacting with the clerk to ob-
tain packaging, transportation data, lot number, location, and quantity
which the ASP clerk must supply from office documentation as would be the
case if the manual method were in use.

The interactive dialog was designed with a number of objectives to im-
prove the interface with the unsophisticated user. The objectives were as

listed below:

1. Minimize verbage.

2. Relieve dialog of cryptic content.

3. Provide a friendly tone by removing hostile terms such as "in-
valid," "illegal."

4. Remove computer jargon.

5. Maintain consistent point of view; for example, is the computer

an "I, "we," "you," "it?"

6. Provide a consistent menu format.

7. Provide dialog consistent with user requirements.

8. Utilize terminology familiar to the end user (ASP clerk).

9. Provide consistent response time; never more than 2 seconds
response to a command.

8



The program interacts with the ASP clerk at his level of comprehension
and in familiar terminology.

Hardcopy output is provided on paper as shown in Figure 3. This con-
forms to DA Form 3151-R for purposes of integration with the current manual
system. The "ORIENT" column was added to aid the ammunition vehicle loaders
to properly orientate the ammunition pallet when placing it on the vehicle.
Orientation I requires that the long side of the pallet he aligned parallel
with the long side of the vehicle bed. Orientation 2 requires that the
short side of the pallet be aligned parallel with the long side of the ve-
hicle bed.

AMMUNITION STORES SLIP AUTHORITY DATE:

FROM: ASP #602 NAME OF ACTIVITY:

TO: 121 AVN BN VEHICLE #: 212439

RECEIPT ISSUE OTHER(SPECIFY) DRIVER:

- ) () ()

NSN--DODIC--NOMENCLATURE LOT NO. ACC LOCAT. PLTS-BXS TOTAL INIT. ORIENT.
FROM TO ROUNDS

1345-00-028-5118 K180 14 4A 2 90 1
MINE AT(HV) M15

1345-00-028-5118 K180 K14 4A 1 45 2
MINE AT(HV) Mi5

1345-00-028-5118 K180 K14 4A 2 90 2
MINE AT(HV) MI5

DATE SIGNATURE OF ISSUING CHECKER DATE SIGNATURE OF RECEIVING CHECKER

Figure 3. Hardcopy output.
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Limitations

The program is not all inclusive with respect to load configurations.
First, it is designed primarily to handle large quantities of palletized
ammunition; second, it does not provide for stacked load configurations;
and third, optimization provides only limited stagger loading.

A complex mixed staggered load is shown in Figure 4a. Simple unmixed
staggered loads may be developed by the truck loading program as shown in
Figure 4b.

1119 ] ll l 11111 11 M 110 I I, M1-9,,,,1H1 I

ii 
" LI, 1 jI

a. Complex mixed staggered load.

t _ _ _

b. Simple unmixed staggered load.

Figure 4. Illustration of the differences between complex and simple

staggered load.
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The program relies upon the ASP clerk's experience and knowledge of
ammunition when mixed loads are developed to prevent hazardous combina-
tions and also to prevent creation of mixed loads that cannot be tied down
securely.

No checking is done by the program for uneven load distribution condi-
tions which could occur. This situation is likely to develop when mixed
loads are permitted and whenever a vehicle gross weight limit is met before
the cubic capacity is reached. Loaders and load checkers are depended upon
to prevent this condition from occurring.

Operational Characteristics

The truck loading program initiates a dialog with the ASP clerk by

prompting for ASP identification, requestor identification, and then

prompts for the number and type of vehicle, which the ASP clerk can select
from a displayed list of four predefined vehicles, to receive the first
ammunition load.

The interaction continues with a prompt requesting the ASP clerk to
enter the ammunition DODIC requested for issue. The ammunition data base is
searched, and the packaging, transportation, and nomenclature is displayed
at the clerk's terminal for all ammunition NSN's in the data base which are
common to the DODIC number entered.6 The clerk makes a selection, based
upon availability, from the displayed list. Additional prompts request the
clerk to enter the ammunition lot number, lot location, quantity requested,
and quantity issued which is appended to the data from the selected item of
the data base. Prompting continues for additional DODIC's until the clerk
has processed the entire ammunition request.

The process of selecting ammunition from the data base to fill the
issue request creates a temporary memory resident file of the entire ammu-
nition request.

Upon completing the DODIC entry and selection process, the program
will display the temporary memory resident file of ammunition and request
the ASP clerk to select one of the items to be loaded. The selection proc-
ess will be influenced by the location of the ammunition in the storage
area and the route which the vehicles must use to pick up the load.

Selection of the ammunition to be loaded causes the loading algorithm
to execute and configures the load for the vehicle type previously identi-
fied. As each vehicle is loaded, the program prompts the clerk for a ve-
hicle "bumper number" and prints a vehicle loading document, DA Form 3151-R
compatible output.

6A single DODIC number may have several NSN's common to it. Usually only
packaging dimensions and quantities vary among different NSN's.

11
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Loads which require more than one vehicle are automatically spanned
across vehicles. When loading of a selected ammunition type is completed,
the program will prompt the clerk to select the next ammunition to be
loaded from a displayed list of remaining ammunition requests. The last ve-
hicle used for the previous load may have space and capacity to accept the
next load, and loading will commence with the partially loaded vehicle if
the clerk permits a mixed-load to be performed. Loading will continue until
the request is completed or until all vehicles of the selected type are
utilized. When all vehicles of a given type have been used, the program
will prompt for identifications of additional vehicles of another type to
be loaded. Thus loads may be spanned across vehicle types.

A detailed loading example is provided in Appendix B which illustrates
the procedure, dialog, interaction, and hardcopy output. The example also
illustrates the level of loading complexity by demonstrating (a) loads
spanning vehicles, (b) loads spanning vehicles of different types, (c)
simple staggered loading, and (d) mixed loads.

Load Computation Process

The process of loading a vehicle can be visualized as first computing
the number of pallets of the selected ammunition type which can be loaded
in the cargo space on a vehicle and also computing the number of ammunition

pallets which can be carried by the vehicle based upon the vehicle gross
weight capacity. The pallet count per vehicle is selected as the maximum
from either of the two calculations but not more than that determined by
the gross weight capacity. Loading of the vehicle may be visualized as
placing ammunition pallets on the vehicle bed in a virtual row by row
fashion with the first row starting at the front, left corner of the ve-
hicle bed and proceeding across the vehicle bed, from left to right, toward
the other side. When all pallets have been placed in the first row, the
next row, closer to the tailgate of the vehicle, is started.

If loading exhausts the quantity of ammunition to be loaded before a
row is completed, a "GAP" is declared and, if mixed loads are permitted,
the "GAP" may be filled with another type of ammunition which will fit in
the "GAP." The size of the "GAP" is the remaining unused row distance
across the vehicle bed width by the row width which is the width of the
last pallet in the incomplete row.

The ASP clerk, controlling the loading process, may decide not to use
the "GAP" and loading can continue with the next row. If ammunition that
remains to be issued cannot fit in the space remaining on the vehicle, 4

loading will be automatically initiated for the next available vehicle.

The GOER, see Figure 5, is handled as a special case. The loading al-
gorithm considers the sections marked A and B, delineated by a dashed line,
as two separate compartments. Loading begins with the A (forward) compart-
ment and, if vehicle gross weight is not exceeded, continues into the B
(rear) compartment. The nrogram will combine the A and B compartments to
accommodate loads which exceed the A-compartment bed length.

12
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Figure 6 is a coarse outline of the truck loading algorithm which will
aid in visualizing the loading process.
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Exception Handling

The ammunition data base was created from a list of ammunition re-

quirements most probably to be requested by combat units. Ammunition re-
quirements for new weapon systems such as the Infantry Fighting Vehicle
(IFV), Cavalry Fighting Vehicle (CFV), and the Division Air Defense Systems

(DIVADS) have not been included. When requested DODIC's are not located in
the data base, the ASP clerk is required to utilize available documenta-
tion, such as supply catalogs, to obtain and enter the NSN, packaging,

transportation, and nomenclature data. When this is done, an entry is
created in the temporary memory resident file for the convoy ammunition re-

quest as would have been the case if the requested DODIC were located in
the data base. The data base is not extended and the program does not re-
tain a permanent record of this entry.

Exceptions to the predefined list of vehicles are handled by the ASP
clerk selecting vehicle type "OTHER." The ASP clerk will then be requested
to enter the vehicle bed length and width dimensions plus the load carrying
capacity of the vehicle. "OTHER" vehicle types are limited to vehicles
having a simple rectangular load bed. Data entered for vehicle type "OTHER"
is not permanently retained by the program and initial data will be lost
when "OTHER" is reselected or the program restarted.

Small quantities of ammunition, that is quantities of less than one
pallet, are handled as "Unassigned Loads." These are loads which would
probably be package level quantities and would most likely be loaded manu-
ally. An issue document is generated without a vehicle assignment. Unused
gaps, space at the sides or tail of a vehicle, or miscellaneous vehicles
accompanying an ammunition convoy would carry these ammunition requests.

Hardware and Software Requirements

Software--The program is written in the FORTRAN IV computer language
and requires approximately 43,000 bytes of memory. Storage requirements for
the disk resident data base is 20480 bytes formatted. Binary format rather
than ASCII format is used to improve disk record access time.

The minimum hardware configuration for a single user is:

a. Small computer with 64K bytes memory and 16-bit word size.

b. Disk storage device with 3.1 million byte capacity, 70 ms
average access time and 1.44 million bites per second transfer rate.

c. Video terminal and keyboard with 24-line by 80-column output
with 9600 band transmission rate.

d. Hardcopy output device with 120 character pzr second output
rate and 80 characters per line.

15



Most minicomputer and 16-bit microcomputers are adequate for the com-

putational and interactive requirements for a single user system. The HEL
field test system will use a PDP11/24 computer.

Disk performance is critical. If transfer rates are reduced and access
times increased beyond optimum value, data base search times become exces-
sive and can seriously degrade the interaction between the user and compu-
ter system.

A video terminal with a high speed transmission rate is required to
maintain a high rate of interaction with the user, especially when present-
ing the list of ammunition requests. Video terminals also reduce the amount
of paper required since there is usually no need to maintain a record of
user interaction with the system.

Hardcopy output, with multipart forms capability, is required to pro-
vide a DA 3151-R compatible (three copies) for vehicle loading and issue
records. Print rates slower than 120 characters per second are not suffi-
cient to prevent a hardcopy output bottleneck during peak activity.

CONCLUSIONS

Laboratory testing of personnel is in progress and preliminary results
*are favorable. Results so far indicate than even inexperienced personnel

can develop ammunition vehicle loads faster than highly experienced person-
nel using the manual method. Variations in time to configure loads are
greatly reduced among personnel of different capabilities due to the elimi-
nation of difficult and time consuming arithmetic calculations.

Unsophisticated users, personnel with little or no prior experience
using computer terminals, successfully respond and interact with the pro-
gram dialog.

The approach selected was successfully implemented on a small computer
system of the scale and configuration which will be available in actual
field units in the near future.

A fail-safe method of merging an automated process with a manual proc-
ess has been achieved.

RECOMMENDATIONS

The truck loading program should be implemented with the Standard Army
Ammunition System (SAAS) Level 4.

Future efforts should include a method to assist the ASP clerk to
select a loading sequence which would optimize the movement of ammunition
vehicles through the storage area. This would help to improve the overall
ammunition handling time and reduce traffic congestion.

16



Graphics are needed in three areas:

1. During load configuration to help the ASP clerk select loads by

graphically showing the vehicle loading as it is developed.

2. To help the ASP clerk select a loading sequence based upon am-
munition location and traffic routes in the storage area.

3. To provide hardcopy graphic output to help the ammunition
handlers properly configure vehicle loads.

I
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APPENDIX A

AMMUNITION DATA BASE
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APPENDIX B

LOADING EXAMPLE

The example shows the dialog that occurs between the computer and "ASP

clerk" in meeting a request from a fictitious 121st Aviation Battalion.
Their request for 282 rounds of 2.75 HE Rockets (DODIC H488), 560 rounds of
2.75 HE Rockets (DODIC H826), 72 rounds of TOW, and 360 mines (DODIC K180)
is to be loaded upon six 5-ton trucks and two GOERs.

This example was selected to demonstrate program capatilities and
doesn't necessarily reflect the TOE and ammunition requirements of an avia-
tion battalion.

Underlined items in the dialog indicate entries by the "ASP clerk."
All other items are computer program responses or prompts.

An Ammunition Stores Slip DA 3151 compatible form is shown in Figures
1B through 8B which was developed in response to the interactive dialog and
execution of the program. Figures 9B through liB show the corresponding
vehicle by vehicle load configuration required to satisfy the ammunition
request.
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AMMUNITION RESUPPLY VEHICLE

18"] IS" O150"

00

1448 148 -

H 488 H488 8

K4 Vehicle #724718

141"

Is 1 ." 150" 6

H488

H4488 H,82688

_________ 1
K-I Vehicle #727489

5-TON TRUCKS

Figure 9R. Load Configuration: H48R and H826.
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AMMUNITION RESUPPLY VEHICLE

I, a

Is 15d0

__D__7

H826 H826

~ LJ~ H826 H826 _ _

1 Vehicle #976711 and Vehicle i ,3/312

2

[4 Vehicle #124~5 and Vehicle #51723

5-TON TRUCKS

Figure lOB. Load Configuration: H826 and TOW.
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